To describe the medical care use and costs associated with migraine.
M
igraine is a highly prevalent and disabling disorder. Approximately 18% of women and 6% of men between the ages of 12 and 80 years suffer from migraines in the United States. [1] [2] [3] Migraine headache is characterized by recurrent episodes of headache pain that are often severe, and may include other manifestations such as photophobia, nausea, and vomiting. Although the indirect costs (e.g., lost and underproductivity) associated with migraine are known to be substantial, 4 relatively less is known about medical care utilization and costs among individuals with migraine headaches. As we and others have shown, many migraine sufferers do not consult health care professionals explicitly for headache 2, [5] [6] [7] and those seeking care often do not receive a diagnosis of or treatment for migraine headache, 5, 7, 8 thereby leading to the underascertainment of cases via claims data. This in turn may make it inappropriate to use claims data alone to describe the medical care use and costs associated with the condition. This is because some costs that are inherently due to the underlying condition may be omitted from consideration by inappropriately labeling individuals as disease free. Instead, both cases and controls should be identified by another source. For symptom-based conditions for which validated survey instruments exist, such as migraine, direct interview can provide a relatively inexpensive means to fully ascertain cases and controls from among a population for whom comprehensive claims data are also available. Such a design enables the linking of valid case-control status to comprehensive information on medical care utilization and costs.
In this paper, we use such an approach to describe and estimate differences in total medical care use and costs between a cohort of migraine cases and a random sample of nonmigraine controls. We also compare the use and costs between those cases that have and have not received a medical diagnosis for migraine headache. We focus on total medical care use and costs, as opposed to migrainerelated use and costs, due to the inherent difficulty in using claims data to discern use and costs associated with a particular condition or disease-particularly one for which diagnostic codes are known to be underused. Understanding the extent to which migraine sufferers are disproportionate users of medical care is important, for if they are, knowledge of this may help motivate health plans, employers, providers, and other policy makers to direct resources toward migraine diagnosis and treatment. JGIM nonprofit, mixed-model HMO located in southeast Michigan. These individuals receive care from an 800-member multispecialty medical group. Both the health plan and medical group are affiliated with an integrated health system, facilitating linkage of patient-level data across the two institutions.
Health plan enrollees were identified as eligible for inclusion if they were between the ages of 18 and 55; incurred at least one encounter to a medical group provider between June 1, 2000 and May 31, 2001; and were continuously enrolled in the health plan between June 1, 1999 and May 31, 2001 . For purposes of this research, an encounter or visit was defined as any care delivered by a medical group provider, regardless of setting (i.e., outpatient, emergency department, or inpatient care). A total of 23,299 enrollees met the criteria. (We required at least one visit because an additional research aim of interest was to use claims data to develop a migraine risk model. 6 
)

Participant Recruitment
Eligible enrollees were mailed letters of study introduction between June 4, 2001 and September 10, 2001, and given an opportunity to opt out of the study. A total of 633 individuals exercised this option, leaving 22,666 individuals eligible for telephone interview participation. Interview call attempts were made between June 2001 and November 2001. We attempted to contact individuals no fewer than 10 times, varying the time of day and day of week. A total of 14,108 enrollees were contacted: 8,579 completed the interview; 997 partially completed the interview; 1,728 were not eligible for participation (i.e., did not meet eligibility criteria, could not complete the survey due to a language, scheduling, physical, or mental barrier, or were deceased); and 2,804 refused to participate. The overall participation rate was 80.1% (participation rate = [CI + PI]/[CI + PI + RF*(1 − [NE]/[NE + CI + PI])] where CI = completed interview = 8579; PI = partial interview = 997; RF = refused = 2804; NE = not eligible = 1728). Compared to nonrespondents (nonrespondents = total eligible population who did not complete interview [22, 666] − completed interviews [8, 579] ), survey respondents were more likely to be female (64.8% vs 60.3%) and older (64.9% over 40 years of age vs 46.6%). The study was approved by the medical group's Human Rights Committee (Institutional Review Board).
Survey Data
Based on interview responses and a validated diagnostic algorithm, individuals were categorized as those with and without migraine. 9 The interview, described in detail elsewhere, 9 is designed to collect information concerning headache type, characteristics (i.e., age of onset, frequency, duration, and disability), and features (i.e., location and quality of pain, effect of headaches on physical activity, and the occurrence of nausea, vomiting, photophobia, phonophobia, and visual or sensorimotor aura). Validation studies indicate the interview has a sensitivity of approximately 85% and specificity of approximately 97% using a clinical assessment to assign a diagnosis based on the International Headache Society (IHS) criteria as the gold standard. 1, 9 Respondents were categorized as a migraine case if they met the IHS diagnostic criteria for migraine with or without aura based on computer-assisted telephone interview (CATI) responses. 9, 10 To create a control group approximately equal in size, we randomly sampled approximately one sixth of respondents not meeting the case definition. Of the 8,579 survey respondents, 1,265 were categorized as cases and 1,178 were selected as controls. In addition to completing the headache diagnostic interview, respondents also completed the Migraine Disability Assessment Scale, 11, 12 a standardized quality-of-life assessment, the SF-12, 13 a screen for major depression and anxiety, the PRIME-MD, 14 and health plan coverage and sociodemographic questions. Participants provided verbal consent before completing the survey.
Analytical Variables
Survey responses were linked to automated medical and pharmacy claims records from the 12-month period immediately preceding date of interview. The primary outcomes of interest were claims-based total annual medical care utilization and costs. Available claims data included all services (regardless of diagnosis) delivered by the medical group and those services reimbursed by the health plan but not delivered by the medical group. We constructed continuous measures of the total number of physician office visits, emergency department visits, and hospital admissions and days incurred, and prescription medications dispensed in the 12-month period immediately preceding interview completion.
We also constructed a measure of the total medical care costs (including prescription drug costs) incurred in the 12-month period immediately preceding interview completion. Cost estimates were derived using institutional cost-to-charge ratios for those services delivered by the medical group. For prescription drugs and those services delivered by other organizations, but paid for by the health plan, the amount paid by the health plan was used. Thus, "cost" reflects the perspective of an integrated health system that is at risk for externally delivered services.
Using self-reported (i.e., interview) data, we constructed variables reflective of age, gender, and race. Similarly, we were able to construct measures of education, marital status, and employment status. We used the PRIME-MD to construct two variables reflective of the common psychiatric comorbidities associated with migraine. The first reflected whether or not the individual expressed major depressive symptoms, and the second reflected whether or not the individual expressed symptoms suggestive of major anxiety. Both of these conditions are known to be underascertained via claims data. 15 -17 We used medical claims data to construct the Deyo adaptation of the Charlson Comorbidity Index. 18 This index, which is based on 19 conditions (each of which is assigned a weight from 1 to 6) has been shown to be associated with physician expenditures, as well as other medical care use and costs.
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Among interview-ascertained migraine cases, we also used claims data to construct a variable reflective of whether or not the individual had a formal migraine medical diagnosis (International Classification of Diseases, Ninth Revision [ICD-9] = 346.xx) in the 24-month period preceding interview. Finally, survey responses were used to construct an indicator variable reflective of whether or not the individual reported using another insurance carrier as their primary carrier, while information in health plan administrative records were used to control for the presence or absence of prescription drug coverage and whether or not the individual was continuously enrolled in the 12-month period immediately preceding their telephone interview date.
Statistical Methods
To determine statistical significance in patient characteristics by migraine status, we used Wilcoxon rank sum tests for continuous constructs and χ 2 tests for categorical variables (Table 1) . We used statistical approaches that account for the nonindependence among sample members receiving care from the same physician to test for differences in medical care utilization and costs (Tables 2 and 3) . We used a majority use rule to assign patients to the physician they saw most often in the 24-month period preceding interview administration. Those patients with a visit to a primary care physician (PCP) ( n = 2,100) were aligned to the PCP they saw most often, while those not seeing a PCP ( n = 289) were aligned to the physician they saw most often, regardless of specialty. We also constructed one additional cluster for patients not seeing any physician ( n = 54) during the 24-month period immediately preceding their survey administration. Generalized estimating equation (GEE) logistic regression models (Proc Genmod, SAS v. 8.2, SAS Institute, Cary, NC) were used to test for differences in proportions of medical care utilization. A semiparametric exponential scores test (Proc PHREG, SAS v. 8.2) was used for analysis of continuous constructs. 20 Unadjusted and adjusted differences in medical care costs by migraine status were modeled with GEE linear regression models. Given the nonnormal distribution of costs, a natural log transformation was used.
To avoid the bias associated with retransformation on a nonlinear scale, we retransformed predicted cost estimates using the smearing estimator. 21 The appropriateness of these approaches was confirmed via evaluation of model residuals on the log scale. 22 
RESULTS
Patient Characteristics
The prevalence of migraine headache in the population using the interview-ascertained migraine case definition was 19.2% among women and 6.5% among men. Only 11.6% of these interview-ascertained migraine cases had been diagnosed in claims data. Relative to controls, interviewascertained cases were slightly younger, more likely to be female, and less likely to be educated or to be currently working for pay (Table 1 ). There were no differences in race and marital status between interview-ascertained migraine cases and controls. Migraine cases scored significantly higher on the Charlson Comorbidity Index and were significantly more likely to express major depressive and anxiety symptoms. In terms of health plan coverage, we found no differences in prescription drug coverage by migraine status, but we did find that migraine cases were significantly less likely to report that the health plan was their primary health insurance carrier and to have been continuously enrolled in the 12-month period immediately preceding interview date.
Among survey-ascertained migraine cases, those with a medical claims diagnosis for migraine (N = 147) were significantly more likely to be of white race and to suffer from more comorbidities as reflected by their Charlson Comorbidity Index than those individuals who had not received a medical diagnosis for migraine (Table 1) . No other statistically significant differences were found between cases with and without a medical diagnosis for migraine. Table 2 describes the medical care utilization and unadjusted cost differences in the 12-month period preceding interview by migraine status. Regardless of the type of utilization, interview-ascertained migraine cases always used more medical care than controls. For example, migraine cases used on average 2.3 more physician office visits than controls (9.1 vs 6.8, respectively), and were significantly more likely to have been seen in an emergency department (20.7% vs 17.6%) or admitted to a hospital (4.5% vs 2.8%). Corresponding to this increased utilization, we found migraine cases (as identified via the telephone interview) incurred on average $697 more in medical care costs during the year when compared to those without migraine ($2,761 vs $2,064).
Medical Care Utilization and Costs by Migraine Status
Among the migraine cases, those with a claims-based diagnosis of migraine tended to use more care compared to those without such a diagnosis. For example, diagnosed migraine cases used on average 5.1 more physician office visits than controls (13.4 vs 8.5), were admitted to the hospital more often (8.2% vs 4.0%), and were dispensed more medications (26.9 vs 17.1). Corresponding to this increased utilization, we found migraine cases who had received a claims diagnosis for migraine incurred on average $2,078 more in medical care costs during the year when compared to those not diagnosed with migraine ($4,597 vs $2,520). Table 3 presents results from the regression models evaluating the association of interview-ascertained migraine status on 12-month total medical care costs. Prior to controlling for any patient characteristics, for a patient with interview-ascertained migraine status, the expected cost is 1.37 times the expected cost of a patient without migraine. Specifically, prior to adjusting for any patient characteristics, we found that migraine cases, on average, incurred $750 more in medical care costs during the year when compared to those not suffering from migraine ($2,793 vs $2,043).
Model-predicted Medical Care Costs by Migraine Status
The second column in Table 3 presents model results once differences in patient sociodemographic characteristics and health insurance coverage are controlled. Once these are controlled, interview migraine case status continues to be associated with significantly higher medical care expenditures, albeit to a lesser extent. Using results from this model, the average migraine case is expected to incur annual medical expenditures of $2,636, while on average those not suffering from migraine (i.e., controls) are expected to incur annual medical expenditures of $2,148.
The final column in Table 3 presents model results once differences in patient sociodemographic characteristics, health insurance coverage, and comorbidities are controlled. This model enables additional insight into the factors that are contributing to the additional medical care spending. As can be seen from the table, once comorbidities are included in the model, migraine status is no longer statistically associated with medical care costs. However, results from this saturated model find that patient factors known to be associated with migraines are associated with increased medical care expenditures. In particular, model findings indicate that increased medical care spending is significantly greater among those reporting major depressive symptoms -a characteristic that is almost three times as likely to be found among migraine cases as controls and for which there is an established bidirectional causal relationship. 23 
DISCUSSION
Consistent with previous studies, [1] [2] [3] we found migraine headaches to be highly prevalent among a population of health plan enrollees aged 18 to 55 who had recently sought care. In our sample, 19.2% of women and 6.5% of men met the IHS criteria for migraine headache with or without aura. Despite the known disabling effects of and effective treatment for migraine headache, less than 12% of these individuals received a medical diagnosis for migraine within the past 24 months. 2, [5] [6] [7] This suggests that the overwhelming majority of individuals with migraine who interact with the health care system are missing out on the known benefits of available therapies. Also consistent with other studies, we found migraine headache is associated with a number of concomitant conditions that contribute to the total burden of disease. 24 In our population we found that individuals meeting the IHS's criteria for migraine were significantly more likely to report both major depressive and anxiety symptoms and to score higher on the Charlson Comorbidity Index. Although this burden of concomitant conditions was significantly greater among migraine cases who had received a medical diagnosis for migraine, it was far from negligible among those not receiving such a diagnosis. The few prior investigations that have evaluated medical care use and costs associated with migraine headaches have consistently found that patients with migraine use more medical care services and incur more medical care costs compared to their counterparts without migraine. 4, 25, 26 These prior investigations, however, are hindered by their reliance on claims data alone to identify migraine cases and controls, 25 their reliance on self-reported migraine status and medical care use, 26 or the application of interview data from one population source to utilization estimates from another population source. 4 As many individuals with migraines do not seek medical care for their headaches, 5, 6, 8 studies that rely on claims data to ascertain cases underestimate the number of migraine sufferers. Further, those who seek care often suffer from more severe migraine. 2, 7, [27] [28] [29] [30] [31] [32] [33] [34] The reliance on claims data alone, therefore, is likely to dramatically underestimate disease prevalence and overestimate disease severity, making it difficult to accurately measure differences in average medical care costs due to migraine. Prior studies relying solely on self-reported information may also be flawed, as many individuals do not know that the headaches they incur are migraine 2, 7 and because of the inherent difficulty of accurately recalling medical care use. Thus, to understand the differences in medical care utilization and costs associated with migraine it is important to identify both migraine cases and controls by direct interview from a population for which comprehensive medical and pharmacy claims data are available.
Using a population-based case-control design that relied on a validated interview screen to identify migraine cases and controls as well as the presence of comorbid psychiatric symptoms and claims data to compile information on medical care use and costs, we found that migraine sufferers consistently incur more medical care use and costs than those without migraine. Prior to adjusting for differences in patient characteristics, migraine cases incurred approximately $700 on average (or 1.36 times) more per year in total medical care costs. After adjusting for patient sociodemographic and health insurance coverage characteristics, migraine cases continued to incur 1.23 times higher costs than their counterparts without migraine. Yet, after controlling for interview-ascertained psychiatric symptoms commonly associated with migraine (anxiety and depression) and an overall claims database measure of case-mix (Charlson Comorbidity Index), we no longer found migraine status to be significantly associated with medical care costs. Instead, we found the presence of comorbidities and psychiatric symptoms to be significantly associated with increased medical care costs. We found medical care costs to increase significantly with increasing Charlson Comorbidity Scores (1.6 times higher with each point increment) and to be 1.3 times greater among individuals reporting major depressive symptoms-implying that comorbid conditions, some of which have been repeatedly found to be associated with migraine headache, are the primary factors associated with the increased medical care costs observed among migraine cases.
Prior longitudinal studies clearly indicate the bidirectional association between migraine and major depression, with each disorder increasing the risk for the subsequent first onset of the other. 23 Such bidirectional findings are consistent with the explanation that the disorders share common etiologies. 24 In clinical practice, it is customary in individuals with both migraine and depression to identify and treat each condition. 23 The available evidence and treatment guidelines suggest that treating each disorder is the key to improving outcomes. 35 Given the cross-sectional nature of the data used in the current analyses, we can only speculate as to whether successfully treating migraine among those patients with depression and vice versa would lead to reductions in overall medical care expenditures. What is perhaps more important is the selection of migraine therapy based on comorbidities, 36, 37 which may be exacerbated by migraine therapy. For example, analgesic overuse may exacerbate both migraine and depression in clinic-based studies. 36, 37 Conversely, comorbidities sometimes create opportunities to treat more than one condition with a single drug. For example, when hypertension and migraine co-occur, both disorders can be treated with a beta-blocker. When migraine and depression occur together, an antidepressant may ameliorate both disorders. This study has several notable strengths. First, both migraine status and psychiatric symptoms were ascertained by direct interview. Second, costs were estimated for the same population using a comprehensive claims database. Finally, the study sample was large, health plan based, and sociodemographically diverse.
However, our study is not without limitations. Primary among them is that the study population and data are derived in a single health plan, and within that health plan, patients received care from one large medical group. Thus, whether our findings generalize to other settings or patients is not known. It should be noted, however, that the age, gender, and race distribution of the population seen by this medical group is consistent with the population residing in the larger community. Furthermore, we required that eligible study subjects incur at least one visit to a medical group provider in the 12-month period preceding sample identification. This latter requirement may lead us to underestimate differences in medical use and costs if those individuals with migraine are more likely to have such an occurrence compared to those without migraine. Finally, while our results clearly point to the fact that medically diagnosed migraine sufferers use more medical care resources, we can not determine whether a medical diagnosis leads to an overall increase in use or those who make extensive use of health care resources are more likely to receive a migraine diagnosis.
Conclusions
Migraine continues to be a problem that is largely ignored by the medical community. Yet, some 12% of patients seeking care meet the IHS criteria for migraine, and these patients disproportionately suffer from symptoms of anxiety and depression as well as other diagnosed comorbidities. Although findings here do not support the notion that diagnosing and treating undiagnosed and untreated migraine would result in reduced overall medical care expenditures, there is ample evidence that effective treatments exist for these patients. [38] [39] [40] As prior work suggests that indirect costs account for over 80% of the total cost of migraine, 4 the economic argument for better migraine treatment has been based on the extensive evidence that effective migraine therapy can reduce absenteeism and improve productivity among working individuals. 41, 42 Thus, in addition to benefiting patient wellbeing, migraine treatment programs may reduce the total economic cost of illness by decreasing indirect costs. Finally, our findings suggest that addressing the comorbidities commonly found among migraine patients, particularly depressive symptoms, may afford additional advantages.
Given the large numbers of individuals who suffer from migraine headaches and the existence of effective therapy to address both their migraine pain as well as their common comorbidities, it seems imperative that barriers to improve the care we deliver to these individuals be addressed.
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